Introduction
In ecological studies attempting to investigate population dynamics, the determination of the age structure of a population and its variation among time has been problematic. Until recently, in most of the field work concerning various species of mammals from small rodents to large species such as foxes or monkeys, researchers have used several criteria to assess categories of relative ages (Lord 1959 . Crespo 1971 , Bothman et al. 1972 , Jackson 1986 , Voss et al. 1990 , Percich and Hodara 1993 .
In designing a model of age distribution, it is important to perform a detailed analysis of the relationships between the growth of several morphological variables in animals of known age. Subsequently, it is necessary to establish which of the morphological variables best correlate with animal age (Pruitt et al. 1979) . The estimators most frequently used have been body weight, molar abrasion (in the case of rodents), closing of bony structures in skull and big bones and lens weight. Lens weight is the morphological parameter usually considered to correlate best with growth and therefore with the animal age (Lord 1959 , Hagen et al. 1980 , Rusch et al. 1982 . However, in most of the field studies it is impossible to measure it.
In the present work, the growth characteristics of several variables from birth up to the maximal age of a captive colony of the murid Akodon dolores Thomas, 1916 are presented. This species is of great importance within the murid communities in Córdoba Province of Argentina, due to its large population size (Piantanida 1987, Varela and . Therefore, the present study constitutes the basis to perform an age distribution study of A. dolores with a biological foundation.
Material and methods
The A. dolores colony was started with specimens from Laguna Larga, Cordoba province, Argentina (63°48'W, 31°46'S. The colony was maintained and manipulated as previously described by Piantanida (1987) . More than 1500 animals were raised in captivity and a sample of 20 individuals was used for every measurement.
Animal growth was followed until natural death. However, some animals were killed at different ages to obtain internal morphology data. In this case (and for naturally dead animals as well), skull, large bones, lens and genital apparatus were preserved; skins were extended and prepared as described by Piantanida (1987) .
External body measurements were obtained with a Vernier like caliber. New-born animals were weighted with a mg precision balance. The bones from 1 to 30 days old animals were prepared following the standard procedure of transparentization with alizarin. Measurements were carried out on transparentized material. According to the technique described by Lord (1959) , lens were dried in a hood until constant weight. Skin colours were analysed following Villalobos and Dominguez (1947) . To perform statistical analysis, measurements were carried out every 7 days within the first month. Subsequently, animals were measured every 30 days. However, after the eleventh month of age, data measurements were pooled within intervals of 5 months of absolute age since at this stage the data were incomplete. The latter procedure was justified because at this stage the growth curve has already reached the plateau. Curve fitting was based on Brody's (1945) proposal and the quantitative analysis of the growth was followed as described by Kingsley (1979) .
Results
Growth variables fitted to a sigmoid (logistic) function with a correlation coefficient (r) near unity and reached the asymptotic value after the fourth month of age (Figs 1-3 ). An exception was the lens weight which increased continually with age without reaching an asymptotic value (Fig. 4) .
Body weight was one of the measurements which seemed to be most affected by the environmental conditions and the activities displayed by the animals. The variability between samples was very large and this is reflected in the large dispersion values obtained ( Fig. la and b) . After five months of age males and females reached the asymptotic value. However, females were less robust than males (Fig. lb) . The same trend appeared in the other variables measured. In particular, body length, which showed the maximum growth values within 4-5 months ( Fig. lc and d) . Tail growth analyses were avoided since they suffered modifications mainly due to manipulations and fights. Given that feet and ear growth rates were very fast and reached a maximum in the second month, these variables were not included in the analysis. Skull growth and bizygomatic width showed the same characteristics to those of the external body variables, reaching maximum values within 4-5 months (Fig. 2) . As shown in Fig. 3a 4 months. In addition, these bones thickened in diameter with time, probably due to calcium accumulation. Particular attention is deserved by the only variable that showed continuous growth through the animal's life: lens weight. Its growth accelerated during the first months (similarly to the other variables) and then decelerated but without stopping. Lens weight was related to age and fitted to a sigmoid function (Fig. 4) .
The degree of closing of the distal and proximal cartilaginous sutures in femur and humerus was also analysed. Four classes or degrees of ossification could be distinguished: (1) the epiphysis totally loose, (2) the sutures open but difficult to separate, (3) the ossification process more advanced but with the separation still evident, (4) the epiphysial suture totally ossified although the ossification line remained visible. This case is typical of older animals. The following ossification sequence of the skull sutures were observed: (1) condyle-basioccipital, (2) exoccipital-supraoccipital, (3) presphenoid-basisphenoid, (4) basisphenoid-basioccipital, (5) interparietal, (6) parietal-frontal.
The skull sutures listed above remained open until the second month of life. The condyle-basioccipital suture was ossified by the age of 3 months. Animals did not undergo any further changes until the sixth month of age. Between the sixth and tenth months of age the exoccipital-supraoccipital, presphenoid-basisphenoid, basisphenoid-basioccipital and dorsal skull sutures became successively ossified. In 8 to 9 months old animals it was still possible to observe open interparietal and parietal-frontal sutures; thereafter most of the cranial sutures were completely ossified.
As a complement to the preceding analysis, the colour variation, that the skin undergoes during development, was also studied. Animals between 1 and 2 months old showed a light-brown back with a ventral region almost yellow. Mature animal backs were brown, where the sides were rather lighter and the ventral region was grey with few yellow hairs. The definitive coloration was reached at fourth month. Table 1 shows the relative percentile rate of growth obtained for each variable. The instantaneous growth rates became less than unity by the third month of age, indicating that the maximal percentile growth should be before this stage. This was corroborated by calculating the monthly absolute increase of the body weight and body length. The inflexion point was observed around the age of 1 month (Fig.  5) . It is important to note here that absolute does not mean total in the standard mammal measurement sense since in most of the cases tails were mutilated. Therefore body length measurements did not include tail length. Brody's (1945) definition of growth, it was possible to establish growth patterns by fitting some equations to the points generated from the growth data (Zullinger et al. 1984) . As stated in the Results, the growth pattern of the majority of the morphological variables could be fitted to a sigmoid function in accordance with growth studies in several other mammalian species (Laird et al. 1965 , Rice and Wolman 1971 , Kingsley 1979 , Piantanida and Nani 1993 . However, an exception was the lens weight {r > 0.7).
Discussion and conclusions

Following
With respect to the weight values, the asymptote was reached very slowly and in older animals the points dropped. The decrease in body weight was more evident in females. These results could be attributed to an overestimation of the body weight in the intermediate age classes due to pregnancy.
All the growth variables showed the same behaviour up to the third month of age. The trend was: (1) an acceleration from birth, up to the first month of age; (2) a deceleration up to the third month where every variable had its particular behaviour; (3) from the fifth month of age, growth variables reached the asymptotic value.
The inflexion point in Fig. 5 was reached at the stage of 1 month when the animals achieved 40% of the adult body weight. As it has been observed in most mammals (Crespo et al. 1970 , de Villafane 1981a , there is an equivalent point in the geometrical and physiological age. In A. dolores this stage is physiologically associated with puberty (Piantanida 1987) since the sexual organs are completely formed and mature at the stage of 1 month. Considering puberty as the transition between the pups and the adult developmental stages and, in addition, as the stage in which the sexual maturity is reached, A. dolores consequently reached puberty when the animals achieved 40% of the adult body weight.
The only morphological variable that showed a peculiar behaviour was the lens weight. This increased continually with age without reaching an asymptotic value. This might explain why the growth curve did not fit the logistic function as in the other cases. Therefore, this parameter can be considered a good age estimator and for this reason it could be used as the pillar for the construction of an age pattern.
In conclusion, the present analysis allowed the mathematical description of the growth of A. dolores on the basis of several body measurements and therefore constitutes the basis of an age distribution study of this species with a biological meaning.
